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Hall effect measurements were performed under pressure and magnetic field up to 2.2GPa and 16T on a
single crystal of UCoAl. At ambient pressure, the system undergoes a first order metamagnetic transition
at the critical field Bm = 0.7T from a paramagnetic ground state to a field–induced ferromagnetic state.
The Hall signal is linear at low field and shows a step–like anomaly at the transition, with only little change
of the Hall coefficient. The anomaly is sharpest at the temperature of the critical end point T0 = 12K
above which the first order metamagnetic transition becomes a crossover. Under pressure Bm increases and
T0 decreases. The step–like anomaly in the Hall effect disappears at PM ≈ 1.3GPa and the metamagnetic
transition is not detected above the quantum critical end point (QCEP) at P∆ ≈ 1.7GPa, Bm ≈ 7T. Using
magnetization data, we analyse our Hall resistivity data at ambient pressure in order to quantitatively
account for both ordinary and anomalous contributions to the Hall effect. Under pressure, a drastic change
in the field dependence of the Hall coefficient is found on crossing the QCEP. A possible Fermi surface
change at Bm remains an open question.
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1. Introduction
The metamagnetism in strongly correlated electron
systems with Ising–type ferromagnetic (FM) behaviour
is intensively studied because it produces a variety of un-
conventional effects. In some itinerant ferromagnets, such
as UGe2
1, 2 or ZrZn2,
3 one can drive the Curie tempera-
ture TC to 0K by tuning an external control parameter
like pressure, and the ground state is found to be param-
agnetic (PM) above the quantum critical point (QCP).
In theory, it has been suggested — and in some cases
experimentally shown — that the second order ferro-
magnetic transition changes to first order at a tricritical
point.4 By applying a magnetic field above the critical
point in the paramagnetic phase, such systems eventu-
ally recover their ferromagnetic state by undergoing a
first–order metamagnetic transition at Bm, drawing a
wing–shape first order transition plane in the tempera-
ture (T ) – pressure (P ) – field (B) phase diagram. The
first order transition terminates at high pressure and
high field at T = 0 at the so–called quantum critical
end point (QCEP). In this critical region, only few ex-
periments were carried out because of the severe experi-
mental conditions of low temperature, high pressure, and
high field.1–3, 5 Due to the recent focus on quantum criti-
cality, the metamagnetism in itinerant ferromagnets has
been recently revisited theoretically (see e.g. Ref. 6, 7).
The main debate is whether a Lifshitz–like transition is
associated with the occurence of metamagnetism.
A good candidate to investigate itinerant metamag-
netism is the heavy fermion compound UCoAl, with
ZrNiAl–type hexagonal structure, space group P6¯2m. At
ambient pressure, its ground state is paramagnetic, with
strong uniaxial magnetic anisotropy. By applying mag-
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netic field along the easy magnetization axis (c–axis), a
sharp first–order metamagnetic transition occurs at low
temperature at a critical field Bm ∼ 0.7T.
8, 9 The first–
order nature of the metamagnetic transition terminates
at a critical end point (CEP) at T0 ∼ 12K, and changes
into a crossover at higher temperature.10–12 By applying
pressure, recent resistivity and magnetostriction experi-
ments10 showed that the critical field increases up to the
QCEP, located at PQCEP ∼ 1.6GPa and BQCEP ∼ 7T,
where an acute enhancement of the effective mass m⋆ of
the quasiparticles has been detected. Previous magneti-
zation experiments under pressure are in good agreement
with an initial pressure increase of Bm.
9 It is worthwhile
to remark that just above PQCEP in the paramagnetic
ground state in high magnetic field, sharp pseudometam-
agnetism at Bm will replace the sharp first order meta-
magnetism below PQCEP .
6 Further increasing pressure
must lead to a broadening of the pseudometamagnetic
transition.
An interesting tool to unveil the physical properties in
the vicinity of a QCEP is the Hall effect as it has two
main contributions: the normal Hall effect (NHE), which
is linked to the type of carriers and their number, and
the anomalous Hall effect (AHE), which is linked to the
magnetization M . Changes in the effective mass (m∗)
associated (or not) to a Fermi surface instability at the
QCEP may have a specific signature.
In this article we present detailed Hall effect measure-
ments performed on a single crystal of UCoAl, at low
temperatures down to 150mK, under hydrostatic pres-
sure up to 2.2GPa and magnetic field up to 16T.
2. Experimental
Single crystals of UCoAl were prepared from depleted
U (99.9% – 3N), Co (3N) and Al (5N) in stoichiomet-
ric proportions. The components were melt in a tetra–
1
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arc furnace under Ar gas atmosphere and a single crys-
tal ingot was pulled by Czochralski method with pulling
rate of 15mm/h. The single crystal was checked by X–
ray Laue photograph. A flat c–plane rectangular sample
of 1.8 × 1.2 × 0.2mm3 was cut with a spark–cutter for
the Hall effect measurements. Its residual resistivity ra-
tio RRR = 14 is within the highest reported for UCoAl
indicating the very good quality of the crystal.
Magnetization measurements at ambient pressure were
performed on another sample from the same ingot, with
a commercial SQUID magnetometer (Quantum Design)
down to 1.8K and up to 5.5T. The metamagnetic critical
field Bm = 0.6 T of that crystal is slightly lower than that
of the crystal used for the Hall effect experiment where
we found Bm = 0.7 T. This shows the high sensitivity
of Bm to the quality and/or homogeneity of the single
crystals.
The Hall effect ρxy was measured using a four–probe
AC lock–in technique. The current was applied perpen-
dicular to the c–axis in the hexagonal planes (typically
1mA at a frequency f ∼ 17Hz) and positive and nega-
tive fields were applied along the c–axis, which is the easy
magnetization axis, in order to cancel out contributions
of the magnetoresistance Rxx due to a small misaligne-
ment of the transverse voltage contacts. The symmetric
magnetoresistance Rxx has been analysed too and good
agreement with previous resistivity measurements10 has
been observed. The sample was set in a hybrid CuBe
– NiCrAl piston cylinder cell for the pressure studies
with Daphne oil 7373 as pressure transmitting medium.
The pressure was determined from the superconducting
transition temperature of Pb by AC susceptibility mea-
surements. The Hall effect measurements were performed
both in a PPMS (Quantum Design) (2 to 300K ; 0 to
9T) and in a homemade dilution refrigerator (0.15 to
10K ; 0 to 16T).
3. Hall effect at ambient Pressure
Figure 1(a) shows the field dependence of the magne-
tization at ambient pressure for B ‖ c and B ⊥ c–axis
at various temperatures. At low temperatures (T = 2 K)
a sharp metamagnetic transition is observed for B ‖ c
at Bm ≈ 0.7T from a paramagnetic ground state to a
polarized ferromagnetic state with an ordered moment
M0 ≈ 0.3µB/U. The magnetization for B ⊥ c increases
linearly and M ≈ 0.023µB/U is found for B = 5T, indi-
cating the strong Ising–type anisotropy.
The metamagnetic transition at Bm is of first order,
attested by a hysteresis between increasing and decreas-
ing field magnetization curves.8, 10 The hysteresis reduces
and the metamagnetic transition gradually broadens as
temperature increases, until it ends at T0 = 12K, mark-
ing the first–order critical end point (CEP). For T > T0
a pseudo–metamagnetic transition fades out into a broad
crossover region.12
The Hall resistivity ρxy(B), see Fig. 1(b), is positive
through the entire magnetic field range along the c axis.
In difference, a negative Hall resistivity has been re-
ported for B ⊥ c13 indicating the multi–band charac-
ter. At the lowest temperatures, the metamagnetic tran-
sition appears as a step–like increase in ρxy(B). This
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Figure 1. (color online) (a) Magnetization (B ‖ and ⊥ c–axis),
(b) Hall effect ρxy (B ‖ c), and (c) ∂ρxy/∂B vs B at ambient
pressure at various temperatures (2, 10, 12, 16K). The temperature
of the critical end point of the first order transition T0 = 12K is
taken as the maximum of the derivative in (c). The inset in (c)
shows the (T,B) phase diagram at ambient pressure from the Hall
effect.
feature is a clear illustration of the interplay between
ρxy and the magnetization. With increasing tempera-
tures (4K < T < T0 ∼ 12K), a peak develops just
above the critical field Bm. Further increasing temper-
ature, the step–like increase at Bm fades out and only a
broad maximum is observed in ρxy(B) above T0. Similar
features were also found in transverse magnetoresistance
ρxx(B).
10 This peak in ρxx was interpreted as an en-
hancement of the magnetic scattering contribution due
to strong magnetic fluctuations around the CEP.14
From the field derivative of ρxy, the differential Hall
constant R˜H = ∂ρxy(B)/∂B, see Fig. 1(c), we locate the
critical field Bm at the peak in ∂ρxy(B)/∂B. The height
of the peak is maximal at T0 = 12K, while the width does
not broaden with increasing temperature until T0. Above
T0, the peak height decreases and the width is strongly
increasing. We will use the same criterion to determine
the first–order critical end point at (B⋆m, T0) under pres-
sure. Let us note that the differential Hall coefficient R˜H
shows little change acrossBm (15% decrease), going from
0.18µΩ · cm/T in the PM region to 0.15µΩ · cm/T in the
FM region. By plotting ∂ρxy(H,T )/∂B we can draw the
(T,H) phase diagram of UCoAl at ambient pressure (see
inset in Fig. 1(c)) in excellent agreement with previous
work.10 The crossover region extends at least up to 20K
2
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Figure 2. (color online) Temperature dependence of the Hall
coefficient RH for B = 0.2T ‖ c–axis (full circles). The dotted line
is a high temperature fit using magnetic susceptibility data (dotted
line). The inset shows RH plotted against the magnetic suscepti-
bility. The linear dependence indicates that the high temperature
regime is dominated by the AHE. We obtain R0 = −0.1µΩ · cm/T
and RS = 97µΩ · cm/T.
in the continuity of the metamagnetic transition.
Figure 2 shows the temperature dependence of the lin-
ear Hall coefficient RH = ρxy/B at low field (B = 0.2T).
As we can see, RH has a maximum around 30K, con-
nected with a maximum of the magnetic susceptibility
χ at T = 20K. The inset of Fig. 2 shows RH plotted
against χ with the temperature as an incipient param-
eter. RH is proportional to the magnetic susceptibility
χ from 300 K down to 70 K. In general, the Hall ef-
fect can be expressed as the sum of NHE proportional to
the carrier contribution and an anomalous contribution
from left–right asymmetric scattering due to the ordered
magnetic moments (AHE):
ρxy(B) = R0B +RSM (1)
where the second term RSM accounts for the AHE and
the RS ∝ ρxx or ρ
2
xx for dominant skew scattering or
side–jump scattering processes, respectively.
The proportionality RH − R0 ∝ χ is expected in
the incoherent high temperature regime with strongly
anisotropic crystal field.15 However, we have to men-
tion that the data can be described similarly by RH =
R0 + Cρχ, where R0 is the normal Hall effect and C a
constant,16 as ρ is weakly T –dependant in this tempera-
ture range. Thus, regardless of the underlying model, the
Hall effect is dominated by the AHE in a large tempera-
ture range (70K− 300K). RH is field independent (and
so are R0 and RS), so it can be fitted using magnetic
susceptibility data to obtain R0 = −0.1µΩ · cm/T and
RS = 97µΩ · cm/T for the high temperature regime as
shown in the inset in Fig. 2.
The normal contribution to the Hall effect emerges
only at low temperature. Figure 3 gives an insight to the
relation between Hall effect and magnetization at 2K, to
separately account for the NHE and AHE contributions.
In the ferromagnetic region (B > Bm), at low tem-
perature (2K), both ρxy(B) and M(B) show only weak
variations. Therefore, R0 and RS are assumed to be field
independent. Indeed, on a plot ρxy(B)/B vs M(B)/B,
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Figure 3. (color online) a) Determination of the coefficients
R0 and RS in the FM phase: ρxy/B vs 4piM/B plot at 2K
(P = 0) up to 5T, where M is the magnetization density ex-
pressed in 10−4 emu · cm−3 and B = H + 4piM is the internal
field in Tesla. The high–field part (0.8T < B < 5T) is fitted
by eqn. 1 (dotted line) and we obtain R0 = 0.14µΩ · cm/T and
RS = 3.51µΩ · cm/T. The low–field points (0 < B < 0.4T) shrink
altogether into a single point. The data 0.4 < B < 0.7T is not
shown here since it corresponds to a transition regime which has no
physical interest (different samples for ρxy and M measurements).
b) ρxy and its constituent contributions R0B (NHE) and RSM
(AHE) vs H (external field), in the same experimental conditions
and using the values of R0 and RS obtained in (a).
see Fig. 3(a), the high field data (B > Bm) fall on a
straight line which can be fitted by eqn. 1 to obtain
R0 = 0.14µΩ · cm/T and RS = 3.51µΩ · cm/T in good
agreement with Ref. 13. In the PM phase, since both
ρxy and M increase linearly with field, the low–field
points (0T < B < 0.4T) shrink altogether into a single
point. This point falls close to the FM line. The data
0.4T < B < 0.8T corresponds to the metamagnetic
transition regime. Obviously, there is no drastic change
of R0 between PM and FM phases through the metam-
agnetic transition, thus there is no direct evidence of a
Lifshitz transition at Bm.
Figure 3(b) shows the field dependence of ρxy at
T = 2K. On the same scale, we plotted the contribu-
tions of R0B and RSM as determined in the FM phase
shown in Fig. 3(a), to compare the relative weight of
NHE and AHE. The normal contribution R0B is basi-
cally linear with H except for a small kink at 0.6T due
to the magnetization density which suddenly amounts
to 10% of the internal field (4piM/B ≈ 0.1) when the
system becomes ferromagnetic. But since the magneti-
zation only increases very slowly in the FM phase, its
consequence on the internal field is negligible, so that
B ≈ µ0H , the applied field. As a consequence, the slope
of the ρxy(B) curve is mainly determined by the NHE
(∂ρxy(B)/∂B ≃ R0), and the step of ρxy(B) at the tran-
sition is due to the AHE, mainly. In a simple approach,
3
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Figure 4. (color online) Pressure evolution of ρxy vs B at 2K
for different pressures (labels indicate the pressure in GPa). The
curves are vertically spaced by 0.2µΩ · cm for clarity. In addition,
we plot the symmetric part of the measured signal, the magnetore-
sistance Rxx, at T = 2K as a function of B for different pressures
(1.59, 1.83, 1.97, and 2.2GPa, right scale).
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Figure 5. (color online) ρxy as a function of field at various
temperatures (0.15 to 11K) under pressure (0.90/1.59/1.83 GPa).
For clarity, curves at 1.59 and 1.83GPa are shifted vertically by
−0.4 and −1µΩ · cm, respectively.
the jump in the AHE is due to a step–like increase of
the magnetization (∆ρxy ≃ RS∆M). However, from the
experimental data we cannot exclude that also RS may
be affected at the metamagnetic transition, as the resis-
tivity ρxx — at least in a longitudinal configuration —
shows such a step–like increase. Finally, we should men-
tion that the transition appears broader in ρxy(B) than
in M(B). This difference marks the complex interplay
between intrinsic and extrinsic (impurity) contributions
to the AHE.
4. Hall Effect under High Pressure
In our pressure study, the Hall effect ρxy(B) has been
measured by performing field scans upwards at various
temperatures in the range from 0.15 K up to 20K. Figure
4 represents ρxy as a function of B at T = 2K for var-
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Figure 6. (color online) (upper panel) ρxy vs B for various pres-
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The dotted line indicates the pressure independent linear increase
of ρxy in the ferromagnetic state above Bm which has a linear slope
of 0.152µΩcm/T. (lower panel) Field dependence of the differential
Hall coefficient ∂ρxy/∂B for different pressures.
ious pressures up to 2.22 GPa (the curves are vertically
spaced by 0.2 µΩcm for clarity, respectively). While at
low pressures (P ≤ 1.2GPa) a clear jump of ρxy at Bm is
observed, which is qualitalively similar to the behaviour
at ambient pressure, above 1.6GPa only a rather broad
cross–over is observed. This is a first indication that the
first order metamagnetic transition collapses in the pres-
sure range from 1.2GPa to 1.6GPa, thus the pressure
of the quantum critical end point PQCEP is located in
this pressure window. In agreement with previous mea-
surements,10 a strong field dependence of ρxx is also de-
tected at T = 2K. The magnetoresistance Rxx shows a
very sharp peak at P = 1.59GPa while for higher pres-
sures a plateau–like enhancement of Rxx is observed. On
cooling, it was proved10 and verified here that the si-
multaneous enhancement of the residual resistivity and
the enhancement of the A coefficient is correlated with
crossing through the QCEP.
Next we concentrate on the behaviour of ρxy(B) at
different temperatures which is shown in Fig. 5 for P =
0.9GPa, 1.59GPa, and 1.83GPa. The Hall resistivity ρxy
at different temperatures at 0.9GPa is rather similar to
that at ambient pressure (see Fig. 2(b)) with a steplike
anomaly at lowest temperatures and a peak which ap-
pears with increasing temperature just above Bm. At
P = 1.59GPa the behaviour appears likewise, except at
lowest temperature (see below). For P = 1.83GPa no
sharp anomaly can be detected, but a broad crossover
even at the lowest temperature. Furthermore, below 2K,
the temperature dependence of the Hall resistivity is very
small for P < 1.6GPa which is close to PQCEP .
While low temperature data have been measured only
4
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Figure 7. (color online) Field–pressure phase diagram of UCoAl
at 0K obtained by Hall effect measurements. The colour scale maps
the differential Hall coefficient R˜H = ∂ρxy/∂B obtained from ex-
trapolated curves of Figure 6. The bold lines delimit the width
of the transition and the lower and upper limits of the crossover
region (c.o.). The QCEP is located around (1.6GPa, 7T), above
which the transition suddenly broadens.
in the pressure regime where the QCEP is expected,
we extrapolated ρxy(B) measured at finite temperature
down to T = 0 with a polynomial of second degree
for all pressures. As we can see in Fig. 5, below 2K
the temperature dependence of the Hall resistivity is
very small for P < 1.6GPa — which is supposed to be
close to PQCEP — in such a way that the extrapolated
ρxy(B, T = 0) almost coincides with the one measured
at the lowest temperature. Figure 6 (upper panel) illus-
trates the pressure evolution of the Hall resistivity in
the limit T → 0K for selected pressures in absolute val-
ues. Interestingly, in the entire pressure range, all the
ρxy(B) curves almost match together in the high field
part (B > Bm). This clearly shows that the normal con-
tribution to the Hall effect, which dominates the field
dependence above Bm, as shown in Fig. 3, is pressure
independent in the polarized ferromagnetic regime and
has a constant slope dρxy/dB = 0.152µΩcm/T (indi-
cated by the dashed line). The lower panel of Fig. 6
shows the field dependence of the differential Hall co-
efficient R˜H = ∂ρxy/∂B for selected pressures. At low
pressure, a very sharp maximum marks the metamag-
netic transition. With increasing pressure, the height of
the maximum decreases, while the width stays constant.
Apparently, dρxy/dB has changed its sign at 1.59GPa,
while above 1.6GPa only a broad crossover appears. The
dashed lines in the lower panel of Fig. 6 indicate a con-
stant slope of dρxy/dB = 0.152µΩcm/T which is pres-
sure independent in the FM state above Bm.
In contrast to the FM phase, the Hall coefficient in
the PM phase below PQCEP varies with field and pres-
sure. Eventhough the ρxy(B) curves for P ≤ 0.30GPa
are linear in the low field PM phase, this is not the case
at higher pressure, for P → PQCEP .
To summarize the presentation of the experimental
data, we plot in Fig. 7 the differential Hall coefficient
R˜H in a (B,P ) phase–diagram. It appears clearly that
R˜H is never constant in the paramagnetic state while
 ∆ρxy
 ∆ M
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Figure 8. (color online) Comparison of the jump in ρxy(B) and
M(B) taken from Ref. 9. Data are plotted versus Bm to correct
for discrepancy in pressure determination. Top axis indicates our
corresponding pressure scale. Lines are guides for the eye. At PM
the positive jump δρxy vanishes, and above P∆ only a crossover
from the PM to the field induced FM state occurs.
it varies little in the ferromagnetic state, as discussed
above. The width of the step–like transition at Bm is de-
limited by solid lines for P < 1.6GPa. One can reason-
ably affirm that the QCEP is located in the pressure win-
dow between the characteristic pressures PM = 1.2GPa
and P∆ = 1.6GPa. At PM , the differential Hall effect
is changing sign, while above P∆ the broadening of the
crossover is clearly visible. The robustness of the FM
phase contrasts with the variations in the PM phase, in
which a valley of low R˜H separates two regions of high
RH , one at low field and one at high field. It is interesting
to observe that there is no drastic difference between the
low pressure FM phase and the polarized paramagnetic
phase (PPM) which is expected to occur for P > PQCEP
through the crossover regime. As a matter of fact, the
pressure decrease of the magnetization in the FM region
has no effect in the high magnetic field regime.
The pressure dependence of Bm, defined by the ex-
trema of R˜H shown in Fig. 7 is in excellent agreement
with previous transport measurements.10 Magnetization
measurements9 led to lower pressure dependence of Bm,
as mentioned above. This discrepancy probably comes
from pressure inhomogeneities or differences in the crys-
tal quality. The condition of good hydrostaticity may be
crucial in UCoAl since the linear compressibility along
the a–axis is known to be about 5 times larger than that
along the c–axis.17, 18 In Figure 6, at low field, ρxy ap-
pears P–independant. This observation is in good agree-
ment with pressure magnetization data9 and recent mag-
netostriction experiments10 which led to the conclusion
that the respective Gru¨neisen parameter of the magne-
tization ΩM =
1
M
∂M
∂V
V is near 2 for B < Bm and 35 for
B > Bm, while ΩBm , the Gru¨neisen parameter of Bm, is
near 140.
Figure 8 shows the jump ∆ρxy at the metamagnetic
transition plotted against the critical field Bm. It is
5
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Figure 9. (color online) (B, T ) phase diagram of UCoAl and
its evolution under pressure as obtained by Hall effect measure-
ments. The colour scale corresponds to ∂ρxy/∂B. Each image was
obtained from a mesh of field scans at P = 0, 0.75 and 1.59GPa.
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Figure 10. (color online) Pressure evolution of the critical tem-
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(right axis), illustrating the clear termination of the transition at
P∆ ≈ 1.7GPa. Lines are guides for the eye.
compared to the corresponding evolution of the jump
of the magnetization ∆M taken from Ref. 9 which de-
creases slightly with pressure. In order to correct for
differences either in P determination, in hydrostaticity
or in crystal quality, the data are plotted as a func-
tion of Bm. (The upper scale indicates the correspon-
dence with our P determination). In a simple approach
∆ρxy ∝ ∆(R0B) + ∆(RSM). At least up to PM =
1.2GPa the main contribution to ∆ρxy will be the jump
in the magnetization ∆M at Bm. However, at 1.43GPa
and 1.59GPa, the corresponding anomaly in ρxy at Bm
is no more a finite positive ∆ρxy, but it appears slightly
negative. Thus above 1.2GPa, the apparent signature of
the first order metamagnetic transition is not directly
detected in the Hall effect measurement. Clearly, above
1.59GPa no first order transition has been observed, in-
dicating that the QCEP lies between PM = 1.3GPa and
P∆ = 1.7GPa. As already mentioned above, previous re-
sistivity measurements pointed out the strong increase of
the inelastic term, namely the A coefficient. Obviously,
the associated change of the effective mass has a strong
influence on the Hall resistivity.
Finally, in Fig. 9 we show ∂ρxy(B, T )/∂B for different
pressures as a function of magnetic field and temperature
for different pressures in a colour plot. The evolution
of R˜H(T,B) with increasing pressure can be described
in simple terms. At ambient pressure, the position of
the critical end point is well defined by a sharp maxi-
mum in R˜H . With increasing pressure, the amplitude of
R˜H at the critical end point decreases, T0 decreases, and
the critical field increases. Figure 10 shows the pressure
evolution of the temperature of the critical end point
T0 (defined by the maximum of R˜H) and the width of
the metamagnetic transition ∆Bm (width of the peak
in ∂ρxy/∂B). Surprisingly, T0 is not suppressed continu-
ously to zero temperature but rather drops from T0 = 6K
to zero in the vicinity of P∆ = 1.7GPa. This pressure also
corresponds precisely to the end of the sharp metamag-
netism, unambiguously attested by the sudden increase
of the transition width ∆Bm on entering a crossover re-
gion beyond the QCEP.
5. Discussion
The Hall effect experiments give detailed insights on
the behaviour of the metamagnetic transition in the itin-
erant heavy fermion system UCoAl. For T ≪ T0, the
step–like feature of the ρxy(B) curves is connected to
the magnetization jump via the anomalous Hall effect.
The constant Hall coefficient in the FM phase at low
temperature (field– and pressure–independant) strongly
suggests that the coefficients R0 and RS do not change
with pressure and are the same as at ambient pressure,
where they are known with precision. On approaching
the QCEP, a drastic change occurs in the Hall signal on
crossing Bm. We associate this to the enhancement of
the average effective mass detected via the A coefficient
in resistivity measurements.
For Ising–type Uranium ferromagnets, as the jump of
the magnetization at Bm is often strong (near 0.5µB)
and the renormalized Fermi energy is low, Fermi surface
reconstruction can be expected at Pc and Bm as clearly
observed in UGe2.
19 In the case of UCoAl, at least at low
field (B ≪ Bm) and at high field (B > BM ), no major
variation of the Hall constant can be pointed out. There
is no evident signature of a Fermi surface reconstruction
on sweeping from the PM to FM phase for P < PQCEP
and from the PM to a polarized paramagnetic phase for
P > PQCEP . Recent thermoelectric power experiments
at ambient pressure were interpreted only via the de-
crease of the heaviest hole effective mass through BM .
12
There was also no signature of a Lifshitz transition. By
contrast, in the case of the ferromagnetic superconductor
UGe2, the crossing from PM to FM is accompanied by a
sign change of the Hall coefficient in excellent agreement
with a Fermi surface reconstruction detected in quan-
tum oscillations experiments.20 However, in these multi-
band heavy fermion systems, the Hall resistivity response
can be complex. A pathological example is the pseudo–
metamagnetic transition in CeRu2Si2 where no clear sig-
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nature of a Fermi surface reconstruction is detected in the
Hall constant21 while there is direct evidence of a Fermi
surface change through Bm by quantum oscillations ex-
periments22 associated with a Lifshitz transition. So the
question remains open for UCoAl.
It is interesting to recall the case of the ferromagnetic
itinerant system ZrZn2 (TCurie ∼ 28.5K, M0 ∼ 0.17µB
per Zr atom), which is an isotropic Heisenberg system.
As in UGe2, evidences are found for two emerging FM
phases (FM2,FM1) at low pressure (PC ∼ 1.65GPa) and
one field–induced FM1 phase when a field is applied from
the PM phase above Pc. However, at least for FM1, it
seems that PQCEP almost coincides with Pc.
3 As a con-
sequence, at 2.1GPa, the crossover metamagnetic field
is so low (0.05T) that the observation of the Fermi sur-
face in the PM regime is proscribed.23 De Haas – van
Alphen measurements pointed out the crossover between
the FM1 and FM2 phases with an invariance of the Fermi
surface topology. The change in the exchange splitting of
the Fermi surface is the signature of the field crossover
FM1/FM2. Let us point out that in the case of ZrZn2
the Fermi energy is weakly renormalized, thus the lo-
cal fluctuations are negligible compared to the case of
U compounds where the itinerant–localized duality is a
major part of the puzzle.
Finally, a striking point in our results is the appear-
ance of different field regimes in the low field PM re-
sponse (B < Bm) on approaching PQCEP . It may be con-
nected to the particularity of the quasi–Kagome struc-
ture of UCoAl, leading to a complex interplay between
frustrated magnetic fluctuations and sole FM interac-
tions. Other evidences of non–conventional FM character
of UCoAl is the observation of non–Fermi liquid proper-
ties in the PM regime at pressure far below PQCEP .
12
To solve the UCoAl puzzle, key experiments are now
to extend the magnetization measurements through the
QCEP and of course to succeed to directly observe the
Fermi surface.
6. Conclusions
Hall effect experiments at ambient and at high pres-
sure have been presented in the itinerant metamagnet
UCoAl. At the metamagnetic transition Bm, the jump
of the Hall effect is dominated by the AHE contribution
which scales with the magnetization. The jump at Bm
disappears at PM ≈ 1.3GPa, and above P∆ ≈ 1.7GPa
only a broad pseudo–metamagnetic transition could be
detected. While the Hall effect in the polarized ferro-
magnetic state seems to be pressure independent, the
interpretation of the field dependence in the paramag-
netic state below Bm under pressure on approaching the
QCEP appears less straightforward and needs to be re-
vised in the future. Finally, our Hall effect experiments do
not allow to conclude on a possible Fermi surface change
through the QCEP.
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